Abstract-Rapid advances in wireless communications and networking technologies, linked with advances in computing and medical technologies facilitate the development and offering of emerging mobile systems and services in the healthcare sector. The objective of this paper is to provide an overview of the current status and challenges of mobile health systems (mhealth) in emergency healthcare systems and services (eemergency).
transmitted (electronic patient record, biosignals, medical images, video and other).
The structure of the paper is as follows. Section II covers an introduction to wireless transmission technologies. In section III, a short overview of m-health e-emergency systems is documented based on published journal, conference papers, and book chapters. Section IV addresses the future challenges and section V the concluding remarks.
II. WIRELESS TRANSMISSION TECHNOLOGIES
In this section we briefly describe the main wireless technologies that are used in wireless telemedicine systems, namely GSM, 3G (W-CDMA, CDMA2000, TD-CDMA), satellite, and wireless LAN (WLAN). Emerging wireless technologies such as Wi-Max, and ad-hoc networks are also described.
GSM is a cellular system currently in use, and is the second generation (2G) of the mobile communication networks. In the standard mode of operation, it provides data transfer speeds of up to 9.6 kbps, whereas the enhanced technique High Speed Circuit Switched Data (HSCSD) makes possible data transmissions of up to a maximum of 115 kbps [4] . The evolution of mobile telecommunication systems from 2G to 2.5G (iDEN 64 kbps, GPRS 171 kbps, EDGE 384 kbps) and subsequently to 3G (W-CDMA, CDMA2000, TD-CDMA) systems facilitates both an alwayson model (as compared with the circuit-switched mode of GSM), as well as the provision of faster data transfer rates, thus enabling the development of more responsive telemedicine systems. High Speed Downlink Packet Access (HSDPA) [5] is the latest system enhancement of W-CDMA networks. With a theoretical peak of 14.4 Mbps (typically around 1 Mbps), telemedicine systems can benefit from data transfer speeds currently only feasible on wired communication networks [4] , [6] .
Satellite systems are able to provide a variety of data transfer rates starting from 2.4 kbps and moving to highspeed data rates of up to 2x64 kbps and beyond [7] .
WLAN is a flexible data communications system implemented as an extension to or as an alternative for a wired LAN. Using radio frequency (RF) technology, WLANs transmit and receive data over the air, minimizing the need for wired connections. To [29] 00 neuroradiologist for preliminary consultation Oguchi etal. [30] 01 _ l
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III. M-HEALTH E-EMERGENCY SYSTEMS
A. An Overview The MEDLINE and IEEE Explore databases were searched with the following keywords: wireless telemedicine emergency, wireless telemedicine ambulance, wireless telemedicine disaster, wireless ambulance, wireless disaster, and wireless emergency. The number ofjournal papers found to be published under these categories is around 210. Out of these a total of 33 applications were selected and are briefly summarized in Table 1 . These systems cover the whole spectrum of wireless emergency telemedicine applications presented during the recent years. The papers are grouped using the wireless technologies types which are: GSM/GPRS, 3G, satellite and wireless LAN. The data transmitted are coded under the columns: "ECG and other biosignals", "IMG" for medical images or patients images, "EPR/Data" for Electronic Patient Records or just DATA, "Video" for video conferencing or medical video transmission. The column "Web" identifies which of the applications were developed supporting web technologies.
The majority of the applications (21) [15] , [17] , or the transmission of biosignals in order to monitor patients with chronic heart diseases [23] . Some of the applications concern the transmission of images only [28] -[3 1]. Imaging modalities are rapidly changing, thus affecting the medical procedures and the need for new telemedicine applications in order to support these procedures. Finally, one application is used for the access of electronic patient records [33] . The second group covers those applications that use 3G mobile networks. The first one [34] concerns the transmission of biosignals and images of the patient, something that has been extensively presented by many applications in earlier stages. The second one [35] investigates the transmission of real time ultrasound video captured via a remotely controllable robotic arm.
For satellite links; we have only found four new significant studies. We do note however that a significant number of studies using satellite links were published prior to these studies (not reported here). The applications found here, mostly concern the transmission of ultrasound video [36] - [38] . Two of the papers [37] , [38] also include the use of a robotic mechanism in order to remotely control the ultrasound acquisition as described above, in the section of 3G networks, while the other two papers [20] , [39] concern the transmission of biosignals and images for emergency cases. The Virgin Atlantic press release [39] announces the first wireless telemedicine system that will be adopted by a major airline carrier that will be available in all its flights.
The last category of applications covers the use of Wireless LANs. Basically these applications are for disaster control cases where a lot of injured people might be concentrated in a small area and a Wireless LAN is used in order to monitor the condition of these people. Most of the applications presented here concerns the transmission of biosignals, and the use of sensor networks [41] - [44] . Three of the applications are transmitting images [45] - [47] , with CT 978-1-4244-1868-8/08/$25.00 (C2008 IEEE.
Kyriacou et al. [20] 03 I:) Qm images transmitted in [46] and CT and MRI images in [47] . Also, one application is used for the access of electronic patient records [32] . In a recent study carried out by the World Health Organization (WHO) on e-health tools and services including m-health, it was concluded that countries need: support in the adoption of policy and strategy for the development for ehealth; advice on needs assessment and evaluation of eHealth services, information on best practice and trends, and advice on e-health norms and standards. That is countries require consultancy services to assist in all aspects of e-health, and a need for education and training in this area [48] .
Concluding, it is expected that m-health e-emergency systems will significantly affect the delivery of healthcare; however, their exploitation in daily practice as well as the monitoring and evaluation of these systems still remains a novel goal, yet to be achieved.
